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ABSTRACT

Economical conversion of ocean waves into electricity remains a challenge for the marine engineering
community. Consequently the wave energy industry has yet to converge on a solution for the design of an
effective Wave Energy Converter (WEC). Among the concepts proposed, devices incorporating an
Oscillating Water Column (OWC) have proven popular with developers and many of the most
technologically ready devices are OWC-based WECs. Furthermore, the key benefits of OWC-WECs,
including simplicity and strong reliability/survival characteristics, make such devices ideal candidates for
co-located installations. Due to the increasing interest in OWC-type WECS, the numerical tools used in
WEC development need to be adapted to accommodate the unique characteristics of these devices.

The aim of this study is to ascertain the key challenges involved in simulating a floating OWC-WEC
in a fully nonlinear Navier-Stokes solver and suggest potential improvements to the modelling process.
An existing tool, developed for simple point-absorbers [1], has been adapted in order to reproduce a
physical heave decay test involving a freely-floating, 1:40 scale model OWC-WEC. As anticipated, the
Power Take-Off (PTO) is the key area of interest. At scale the PTO is approximated using an orifice plate
to restrict the flow of air and provide a pressure head across the plate equivalent to that of a scaled turbine
(used in the full-scale PTO). Crucially, the orifice plate accelerates the flow of air resulting in high
velocity jets that would not otherwise be present at full-scale. Therefore, in addition to the complexities
associated with properly representing the compressibility of the air in the internal chamber, an exact
numerical model of the scale OWC-WEC must accommodate relatively high speed air flow.

Extreme heterogeneity in the velocity field, such as that caused by the accelerated flow through the
orifice plate, is a significant issue for mesh-based Navier-Stokes solvers (Fig. 1). In order to correctly
capture the flow in the high-velocity region the mesh resolution has to be increased. Furthermore, in order
to retain simulation stability, i.e. satisfy the Courant condition, the time-resolution must also be increased.
Consequently, the CPU cost of such simulations rapidly becomes excessive, rendering these methods
inappropriate for routine design processes. In order to make use of these high fidelity tools in the design
process of OWC-WECs an alternative method to describe the PTO is required.
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Figure 1: An example of the velocity field shortly after releasing the OWC-WEC in a heave decay test
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